the rheological properties or gel hardness of rice bran wax and other botanical waxes 6 11 Table 1 and it has been reported that the ratio of free alcohol and wax ester in natural waxes influences oil gel physical properties 12 14 .
However, it has been known empirically that the simple addition of various commercial higher alcohols, wax esters, or other botanical waxes to rice bran wax cannot improve its gel hardness to a level comparable to the hardness of hydrocarbon wax gels. We have reported that when candelilla wax, which has a lower melting point 54 than rice bran wax, was blended with behenyl behenate m.p. 67 , a high-purity wax ester synthesized from C22 alcohol and C22 fatty acid, the obtained gel exhibited far higher hardness than that of candelilla wax 15 . The significance of this technology is that the botanical wax candelilla wax and the additive behenyl behenate crystallize simultaneously in the gel preparation process. For this reason, the melting point of the additive must be equal to or higher than that of the botanical wax. Therefore, even if behenyl behenate was used as an additive, the hardness of the rice bran wax would not increase.
Unfortunately, it is difficult to obtain wax esters with higher melting points than that of behenyl behenate Abstract: Due to its availability and relatively high melting point, rice bran wax can be used in foods and cosmetics as an oil solidifying agent. The addition of high-melting-point alcohols to the wax to optimize its performance was investigated. Such alcohols were prepared by the hydrolyzation of rice bran wax or carnauba wax. These alcohols had melting points of ～80℃, higher than that of rice bran wax, and consisted of hydrocarbons with alkyl chain lengths ranging from C24 to C34, much longer than the alkyl chains found in commercially available higher alcohols. Oil gel made with only rice bran wax as a solidifying agent has lower hardness than the conventional hydrocarbon wax gel, too low for practical usage in stick cosmetics such as lipsticks and lip creams. Blending high-melting-point alcohols with rice bran wax at 10-20% led to marked increase in gel hardness, equivalent to the gel hardness of the hydrocarbon wax. This effect on rice bran wax was not observed in commercially available higher alcohols and esters with lower melting points. Based upon the change in microstructure observed with SEM, the improved gel hardness of the rice bran wax upon addition of high-melting-point alcohols was probably induced by the disappearance of spherical clusters, originally presented in the gel, resulting in close to uniform morphology.
Key words: rice bran wax, high-melting-point alcohol, carnauba wax, gel hardness, scanning electron microscope because fatty acids with chains longer than C22 occur naturally in small amounts only. On the other hand, it is possible to obtain higher alcohols, with longer chains than C22 from plants, whose melting points are higher than that of behenyl behenate 16 . Hence, these higher alcohols should function as additives to rice bran wax.
In this study, we sought to develop a new oil solidifying agent using a mixture of rice bran wax and a botanically derived long-chain alcohol. Long-chain alcohols were obtained by the hydrolyzation of rice bran wax or carnauba wax. We evaluated whether gel hardness could be improved by blending these long-chain alcohols with rice bran wax.
Experimental Procedures

Materials
Rice bran wax Rice bran wax S-100, Yokozeki Oil & Fat Industries Co., Ltd. , carnauba wax TOWAX-1P2, Cerarica Noda Co., Ltd. , and candelilla wax Candelilla wax MK-4, Yokozeki Oil & Fat Industries Co., Ltd. were the botanical waxes used. For comparison, paraffin wax HNP-9, Nippon Seiro Co., Ltd. was used. Commercially available higher alcohols, cetanol Hainol 16ss, Kokyu Alcohol Kogyo Co., Ltd. , stearyl alcohol Hainol 18SS , arachidyl alcohol Hainol 20SS , and behenyl alcohol Hainol 22SS were also used. Macadamia nut oil Fujifilm Wako Pure Chemical Corporation was used as the oil for gel preparation.
Preparation of botanically derived long-chain alcohols
carnauba alcohol and rice alcohol Pure water 10 g , ethanol 10 g , and potassium hydroxide 1.4 g were added to 5 g of rice bran wax or carnauba wax in a 300-mL 2-necked round-bottomed flask. Hydrolysis was carried out under reflux conditions for 1 h.
Oil caprylic/capric triglyceride, The Nisshin OilliO Group, Ltd., 100 g and pure water 50 g were placed in a 500-mL glass beaker. The contents of the 300-mL 2-necked round-bottomed flask refer to the previous paragraph were then added to 500-mL glass beaker and stirred for 2 h at 80 . The mixture was allowed to cool down and stand at room temperature. The resultant oil layer was removed using a dropper and deposited into a 200-mL beaker.
Pure water 50 g was added to this oil solution and the mixture was stirred at 80 to remove the water-soluble component. This step was repeated three times. Finally, the oil solution was transferred to a 100-mL beaker and crystallization was carried out at 10 for 12 h. The crystallized product was removed from the solution by suction filtration and washed three times with ethanol. This product was left standing at room temperature and then dried to evaluate the alcohol content. The obtained alcohols were either rice alcohol or carnauba alcohol.
2.3 Preparation of oil gels and gel hardness measurement Different amounts of rice bran wax, higher alcohol, and macadamia nut oil 10 g in total were placed in a 100-mL glass beaker and stirred on a hot plate at 100 for 30 min. The total amount of rice bran wax and higher alcohol was set to be 15 of the gel. Subsequently, the liquid mixture was poured into a polycarbonate cylindrical container with a diameter of 3 cm and a height of 1 cm and allowed to stand at 25 for 24 h.
The hardness of the gel in the container was measured by using a gel hardness meter Rheotex SD 700, Sun Scientific Co., Ltd. equipped with a spherical plunger of 5 mm diameter. A spherical plunger was inserted into the gel to a depth of 2.5 mm at a speed of 30 mm/min, and the maximum stress was measured. Nine samples were prepared for each composition, and the hardness was measured seven times at random locations in the container, and the average value was taken.
Characterization
The composition of the botanically derived long-chain alcohols was analyzed using a gas chromatograph with a flame ionization detector GC-17A, Shimadzu Corporation; column: DB-17, Agilent Technologies International Japan, Ltd. after an acetylation treatment. The crystal structure of the wax inside the gels was observed by scanning elec- tron microscopy SEM . Oil was removed from the gels before SEM observation. A piece of gel 1 g was cut out and added to a 9-mL glass jar; 8 mL of ethanol was then added and the jar was mixed gently. The mixture was then allowed to stand at room temperature for 24 h. Subsequently, the supernatant was removed, and fresh ethanol was added again and mixed gently. This procedure was conducted once a day for 2 weeks. The oil-free sample was finally dried at room temperature. After drying, the sample was deposited with gold and observed with SEM JSM-6060LV, JEOL Ltd. at an accelerating voltage of 15 kV. The melting point and crystallization temperatures of the samples were measured using a differential scanning calorimeter DSC-60, Shimadzu Corporation . The temperature was raised from room temperature to 100 , lowered to 10 , and increased again to 100 . The scanning speed was set at 5 /min.
Results and Discussion
3.1 Physical properties of botanically derived higher alcohols To obtain botanically derived long-chain alcohols having high melting points, rice alcohol and carnauba alcohol were prepared by the hydrolysis of rice bran wax and carnauba wax. Figure 1 shows the differential scanning calorimetry patterns recorded during the cooling and heating processes of rice bran wax, rice alcohol, candelilla alcohol and mixture of rice bran wax and rice alcohol 50:50 . The respective melting points estimated based on the DSC profiles are shown in Table 2 . Commercially available higher alcohols such as cetanol C16 , stearyl alcohol C18 , arachidyl alcohol C20 , and behenyl alcohol C22 , which are obtained by the hydrolysis and reduction of plant-derived triglycerides, had melting points lower than 70 . The rice alcohol and carnauba alcohol obtained in this study have much higher melting temperatures 77-78 than those of the commercially available higher alcohols. Comparing the two higher alcohols referred to as high-melting-point alcohols herein , the carnauba alcohol exhibited a slightly higher melting point than rice alcohol.
The melting points of various waxes are shown in Table  3 . Among the listed waxes, the carnauba wax exhibited the highest melting point of 81 , while the paraffin and rice bran waxes exhibited similar values. The candelilla wax exhibited the lowest melting temperature.
As shown in Fig. 1 , the precipitation temperature of rice alcohol 81.0 was slightly higher than that of rice bran wax 77. 4 , but when they were mixed the temperature was dropped to 72.2 , which suggested that both of them were simultaneously precipitated.
The alcohol compositions of the two high-melting-point Table 4 . The main components of rice alcohol were C28-C34 alcohols, while that of carnauba alcohol was C32 alcohol. These alcohol chains are longer than those of commercially available alcohols maximum C22 . Since carnauba alcohol has longer alkyl chains in than rice alcohol, it has a higher melting point.
Gelling ability of rice bran wax
The relationships between the wax concentration and the hardness of wax gels constructed using paraffin wax typical hydrocarbon wax and rice bran wax are shown in Fig. 2 .
In both cases, the gel hardness increased with increasing wax amount. The hardness of the rice bran wax gel was less than that of the paraffin wax gel at the same wax concentration. The rice bran wax did not gel at 10 wax and the hardness of the 20 rice wax gel was almost the same as that of the 15 paraffin wax gel. The aim of this study is therefore to improve the gelling ability of rice bran wax to a level equivalent to that of paraffin wax. The comparison of the gel hardness of practical hydrocarbon waxes revealed that the gel hardness of rice bran wax, having a concentration of 15 , must be improved to a hardness of more than 150 g, and close to 200 g.
Effect of blending high-melting-point alcohols with
rice bran wax Although we have reported that the gel hardness increased upon blending behenyl behenate with candelilla wax, a highly crystalline long-chain ester wax, the addition of behenyl behenate to rice bran wax did not increase the gel hardness. We attribute this result to the much lower melting point of behenyl behenate 67 than that of rice bran wax. Therefore, in this study, the effect of blending rice alcohol, which has a melting point close to that of rice bran wax, was investigated. Figure 3 shows the relationship between gel hardness and the ratio of rice bran wax and rice alcohol. The total amount of rice bran wax and rice alcohol was set at 15 of the gel. The hardness of the gel containing only rice bran wax was approximately 20 g, i.e. it was very soft. Moreover, rice alcohol alone could not gel the oil. Gel hardness increased when a small amount of rice alcohol was blended with rice bran wax. When the ratio of rice alcohol to rice bran wax was 20:80, the gel hardness reached a maximum value; gel hardness at this ratio exceeded the target value of 150 g.
To confirm whether this blending effect was due to the high melting point of the alcohols, commercially available higher alcohols with hydrocarbon chains shorter than those of rice alcohol stearyl alcohol, arachidyl alcohol, and behenyl alcohol were blended with rice bran wax. Their gel hardnesses were measured in the same manner as for Table 2 Melting points of higher alcohols.
Sample
Melting point (℃)
Rice alcohol 77
Carnauba alcohol 78
Cetanol 48
Stearyl alcohol 56
Arachidyl alcohol 59
Behenyl alcohol 68 Table 3 Melting temperatures of different waxes.
Sample Melting point (℃)
Candelilla wax 54
Rice bran wax 72
Carnauba wax 81
Paraffin wax 75 Fig. 2 Hardness of gels constructed with rice bran wax or paraffin wax.
•: rice bran wax, ■: paraffin wax rice alcohol. We confirmed that higher alcohols with melting points lower than 68 could not improve the gel hardness of the rice bran wax gels. Next, the effect of blending carnauba alcohol with rice bran wax was investigated Fig. 4 . Rice alcohol and carnauba alcohol have similar melting points, although the main alcohol chain of carnauba alcohol is slightly longer than that of rice alcohol. When blended with rice wax, carnauba alcohol and rice alcohol performed similarly with respect to gel hardness. However, when compared to rice alcohol, carnauba alcohol achieved maximum gel hardness at a lower blend ratio carnauba alcohol/rice alcohol 10/90 . Its maximum gel hardness was higher than that of rice alcohol as well.
In summary, esters or alcohols having low melting points less than 70 and lower than that of rice bran wax did not exhibit a blending effect; only alcohols having high melting points 77 were useful in this respect. In order to raise the gel hardness of vegetable waxes, we propose that it is necessary for the additives high-meltingpoint alcohols and plant waxes to crystallize in the oil almost simultaneously when preparing the gels. To confirm such proposal, carnauba wax with composition that is similar to rice bran wax, differing only in its higher melting point 81
, was used instead of rice bran wax. The effect of blending the high melting point alcohols was investigated in the same manner. As shown in Fig. 5 , the gel hardness of carnauba wax did not increase even when blended with rice alcohol or carnauba alcohol as expected.
3.4 Microstructure of the gels and mechanism of gel hardness improvement The gel hardness of rice bran wax was remarkably increased by adding 10 rice alcohol having poor gelation ability, which indicates that this increase in gel hardness was not simply due to the increase in the proportion of components having high gelling ability. It is likely due to the interaction between rice bran wax and rice alcohol. The microstructure, composed of wax crystals in the rice bran wax gel, was therefore observed using a scanning The preferred structure of the wax gel is a uniform structure composed of plate wax crystals, known as a card house structure 1 . Hydrocarbon waxes always form the card house structure and their gel hardness is high. In gels prepared with rice bran wax only, spherical clusters existed which had not been observed in the hydrocarbon wax gels. These spherical clusters were composed of plate microcrystallites Fig. 6 a . We assumed that this heterogeneous structure containing many spherical clusters prevented rice bran wax gel from becoming hard. When rice alcohol was blended with rice bran wax as an additive, the sizes of these spherical clusters became larger, ranging from 20-40 μm to 50-100 μm, and their number decreased. The inner structure of the gel also changed, to a certain extent, from a clustered morphology to a homogeneous morphology Fig. 6 b . The effect of eliminating spherical clusters was more pronounced with carnauba alcohol than with rice alcohol. The rice bran wax gel obtained after blending with carnauba alcohol was closer to the uniform card house structure Fig. 6 c .
It was considered that the blending of the high-meltingpoint alcohols to rice bran wax made it difficult to form the spherical clusters in the gels, whereby the hardness of the gels was increased. This mechanism of eliminating spherical clusters is not clear at this stage.
At this point, the spherical clusters still exist to some extent and could not form a uniform structure like those formed by hydrocarbon wax gels. If the substance that produces the spherical clusters is eliminated, the gel hardness of the rice bran wax is expected to improve. The structure of an oil gel prepared with rice alcohol alone is shown in Fig. 7 a . Even in the rice alcohol, spherical clusters exist like those in the rice bran wax, which is the raw material for the alcohol. Hence, it is thought that the causative substance of the spherical clusters was conveyed from the rice bran wax to the rice alcohol.
Based upon the X-ray diffraction measurement, we confirmed that the crystal system of the high-melting-point alcohols and rice bran wax were both orthorhombic. This crystal system tends to produce plate shape crystals. Furthermore, as seen in Fig. 7 b , the spherical cluster was formed with plate crystallites. This observation implies that impurities, behaving as crystal nuclei, were present in both the high-melting-point alcohols and the rice bran wax, allowing many plate crystallites to grow from them and form spherical clusters.
Since this impurity may behave as a crystal nucleus for higher alcohols, it is difficult to remove it from the rice alcohol even by using the most efficient purification a rice alcohol only, b carnauba alcohol only method, recrystallization. A technique for purifying highmelting-point alcohol and removing nucleation material is desired.
Conclusion
To improve the gel hardness of rice bran wax, botanically derived high-melting-point alcohols, obtained by the hydrolysis of rice bran wax or carnauba wax, were used as additives to rice bran wax. The obtained alcohols were named rice alcohol and carnauba alcohol. Their melting points were approximately 80 , which were higher than that of the rice bran wax. They consisted of alcohols with hydrocarbon chain lengths ranging from C24 to C34, which were much longer than those of the commercially available higher alcohols. Carnauba alcohol consisted of alcohols with longer chains and its melting point was higher than that of rice alcohol.
When blended with rice bran wax at a concentration of 10-20 , both rice alcohol and carnauba alcohol showed marked increases in gel hardness equivalent to that of the hydrocarbon wax. Such an effect was not observed with commercially available higher alcohols and esters with lower melting points.
Based upon the microstructure change observed with SEM, we believe that the improvement in the gel hardness of the rice bran wax by adding high-melting-point alcohols was induced by the disappearance of spherical clusters present in the gel, which led to the formation of a uniform structure.
